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Noise bands a t  medium f r e q u e n c i e s  appear  t o  
o r i g i n a t e  from e n e r g e t i c  p a r t i c l e  i n t e r -  
a c t i o n s  wi th  t h e  thermal  plasma. T h e i r  
c u t o f f s  are determined by magneto-ionic 
parameters  of t h e  medium and can be used  
t o  de termine  l o c a l  plasma d e n s i t y .  
Obse rva t ions  on sounding r o c k e t s  and sa te l l i t es495 
have shown evidence  f o r  enhanced n o i s e  bands i n  t h e  ionosphere  
and magnetosphere,  e s p e c i a l l y  between t h e  plasma f requency  f N  
and t h e  upper hybr id  f requency  f = ( f N  2 + f H  2 ) i ,  where f H  
is t h e  e l e c t r o n  gyrofrequency.  
p rov ided  new in fo rma t ion  on t h e s e  n o i s e  bands t o  a l t i t u d e s  
of abou t  8000 km. The Radio Astronomy Experiment on ATS I1 
c o n s i s t e d  of a Ryle-Vonberg radiometer o p e r a t i n g  a t  seven d i s -  
crete f r e q u e n c i e s  between 450 kHz and 3 MHz. The an tenna  s y s t e m  
w a s  composed of a d i p o l e  antenna 76 meters f r o m  t i p  t o  t i p .  
The o r b i t  of t h e  ATS I1 sa t e l l i t e ,  launched i n  A p r i l  1967, 
ranged f r o m  an  i n i t i a l  p e r i g e e  of -180 km t o  an  apogee of 
-10,000 km, wi th  an  o r b i t a l  i n c l i n a t i o n  of -30 
are encountered  for t h e  seven  f i x e d  observ ing  f r e q u e n c i e s ,  
f o u r  of which (450 and 700 kHz; 1.6 and 2.2 MHz) w e r e  used 
f o r  t h e  n o i s e  o b s e r v a t i o n s .  F igure  1 shows t h e  t r a j e c t o r i e s  
T 
Our r e c e n t  o b s e r v a t i o n s  on t h e  ATS I1 s a t e l l i t e  have 
0 
I n  t h i s  a l t i t u d e  range  v a r i o u s  magneto-ionic c o n d i t i o n s  
in the X-y --2 p i a n e  (0.- Llvlfi a m .  A d i ~ g r ~ ~  > f r  t k e  f r e q n e n c i e ~  
450 kHz, 700 kHz and 2.2 MHz us ing  a model d i s t r i b u t i o n  of 
e l e c t r o n  d e n s i t y  and geomagnetic f i e l d .  
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Typica l  examples of observed n o i s e  enhancements are shown 
i n  F i g u r e  2. A composite p i c t u r e  of n o i s e  bands a t  700kHz 
appea r s  i n  F i g u r e  2a and t y p i c a l  n o i s e  bands a t  2.2 MHz i n  
F i g u r e  2b ,  where r e l a t i v e  i n t e n s i t y  is g iven  as a f u n c t i o n  
of a l t i t u d e .  I n  a d d i t i o n  t o  t h e  pronounced n o i s e  band between 
2 plasma frequency f N ( X  = 1) and upper  h y b r i d  f requency f T ( X = l - Y  > ,  
o t h e r  no i se  enhancements cor responding  t o  v a r i o u s  magneto- ionic  
regimes can be recognized  i n  t h e  data. The n o i s e  enhancements 
are g e n e r a l l y  about  10 t o  20 db above t h e  background; t h e i r  
a b s o l u t e  i n t e n s i t y  is estimated t o  be -10 -19 t o  10'18W/m2/Hz/sterad. 
The n a t u r e  and o r i g i n  of these n o i s e  bands ,  is as y e t  
no t  understood.  Genera t ion  by e n e r g e t i c  p a r t i c l e s ,  a s  w e l l  a s  
an tenna  impedance effects have been sugges t ed  as p o s s i b l e  
exp lana t ions .  The l a t t e r ,  however, is n o t  i n c o n s i s t e n t  w i t h  
t h e  former e x p l a n a t i o n ,  s i n c e  t he  observed  i n c r e a s e d  r e s i s t i v e  
component of t h e  d r i v i n g  p o i n t  impedance cou ld  be a consequence 
of l o s s e s  due t o  plasma wave g e n e r a t i o n .  
t h e  g e n e r a t i o n  of plasma waves by  e n e r g e t i c  par t ic les ,  e.g. 
by t h e  Cerenkov process6'? 
wave g e n e r a t i o n  are,  t h a t  t h e  v e l o c i t y  of t h e  e x c i t i n g  p a r t i c l e s  is 
g r e a t e r  than  t h e  thermal v e l o c i t y  of t h e  plasma and greater t h a n  
t h e  phase v e l o c i t y  of t h e  waves i n  t h e  plasma. S ince  t h e  p a r t i c l e  
v e l o c i t y  m u s t  be less t h a n  t h e  v e l o c i t y  of l i g h t ,  t h i s  c o n d i t i o n  
a l so  cor responds  t o  a large r e f r a c t i v e  i n d e x ,  i.e. n>>l.  Be- 
cause  of t h e  electrostatic n a t u r e  of plasma waves, t h e y  w i l l  
normally not be detected w i t h  an  e l e c t r o m a g n e t i c  a n t e n n a ,  lo- 
cated a t  a d i s t a n c e  from t h e  source .  However, d i rect  c o u p l i n g  
of plasma waves t o  e . m .  waves is p o s s i b l e  f o r  t h o s e  modes 
whose phase v e l o c i t i e s  are n e a r l y  e q u a l  I n  a d d i t i o n ,  plasma 
waves can  be conve r t ed  i n t o  e . m .  waves v i a  d e n s i t y  g r a d i e n t s  o r  
I n  F i g u r e  3 w e  show i n  a schematic manner inhomogenei t ies  
on t h e  CMA diagram t h e  reg imes  where plasma wave g e n e r a t i o n  
A p o s s i b l e  s o u r c e  f o r  t h e  magnetospher ic  radio n o i s e  is 
Necessary c o n d i t i o n s  f o r  plasma 
8 
9,lO 
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can occur  and where coupl ing  of these waves t o  t h e  s l o w  e . m .  
mode is  possible. I t  can be seen t h a t  t h i s  is t h e  case i n  
r eg ion  I and 111, i . e .  corresponding t o  t h e  p r i n c i p a l  n o i s e  
band between plasma and upper h y b r i d  frequency and t o  t h e  n o i s e  
band a t  l o w  f r e q u e n c i e s  (f 4fN, f ) ,  which a l so  i n c l u d e s  t h e  
w e l l  known VLF n o i s e  emiss ions .  I n  r eg ion  11, plasma wave 
g e n e r a t i o n  is n o t  p o s s i b l e ;  however, e . m .  waves a r i s i n g  from 
plasma waves genera ted  i n  reg ion  I (gene ra l ly  a t  h i g h e r  a l t i t u d e s )  
can  propagate  i n  one mode ( ac ross  t h e  magnetic f i e l d )  i n t o  t h e  
r e g i o n  of h i g h e r  d e n s i t y  where t h e  no i se  i s  observed.  
,111 and on a somewhat i n t e r m i t t e n t  bas i s  i n  r eg ion  11. 
H 
W e  observe q u i t e  r e g u l a r l y  n o i s e  bands i n  r e g i o n s  I and 
Corresponding t o  the  l a t t e r ,  w e  have a lso observed n o i s e  a t  
700 kHz a t  a l t i t u d e s  as l o w  as 300 km i n  t h e  v i c i n i t y  of t h e  
South A t l a n t i c  anomaly (L = 1.35), t h e  L s h e l l  where i n t e n s e  
n o i s e  bands have a l so  been observed on t h e  ARIEL I1 s a t e l l i t e  . 
Although t h e  de ta i l s  of t h e  n o i s e  enhancements are  no t  
f u l l y  unders tood ,  it i s  h igh ly  sugges t ive  t h a t  t h e i r  o r i g i n  
i s  due t o  t h e  i n t e r a c t i o n  of e n e r g e t i c  p a r t i c l e s  w i t h  t h e  ambient 
plasma. In  any e v e n t ,  the  c o n d i t i o n s  f o r  g e n e r a t i o n  of plasma 
waves and coupl ing  i n t o  e . m .  waves are m e t  i n  t h e  r e g i o n s  
where t h e  p r i n c i p a l  magnetospheric n o i s e  enhancements are 
observed .  F u r t h e r  i n v e s t i g a t i o n s  are underway t o  s tudy t h e  
de t a i l s  of t h e  observed n o i s e  bands and t h e i r  r e l a t i o n  t o  o ther  
11 
magnetospheric  phenomena. 
r e l a t i v e l y  s h a r p  c u t o f f s  can a l so  be used t o  determine local 
plasma d e n s i t y ;  o ther  magneto-ionic c u t o f f s  can sometimes 
also be uniquely i d e n t i f i e d .  From these c u t o f f s  w e  have 
determined l o c a l  plasma dens i ty  b y  u t i l i z i n g  gy ro f requenc ie s ,  
f H y  f r o m  a geomagiietic field merle1 based on a 64 c o e f f i c i e n t  
sphe r i ca l  harmonic expansion. F igu re  4 shows t h e  e l e c t r o n  
d e n s i t y  d i s t r i b u t i o n  a s  a f u n c t i o n  of a l t i t u d e  de r ived  from 
t h e  n o i s e  measurements a t  fou r  f r equenc ie s .  The plasma d e n s i t y  
The p r i n c i p a l  n o i s e  band between f and f T  which shows N 
4 
v a l u e s  corresponding t o  data  f o r  April/May 1967 over  a 
l a t i t u d e  range - +30° a g r e e  w e l l ,  a t  lower a l t i t u d e s ,  w i t h  
r e p r e s e n t a t i v e  data  from t h e  Aloue t t e  I1 s a t e l l i t e ;  i n  t h e  
a l t i t u d e  range from 1 . 5  t o  2Re t h e  d e n s i t i e s  d e r i v e d  b y  
u s  are i n  good agreement w i t h  o ther  s a t e l l i t e  o b s e r v a t i o n s  . 12 
I t  t h u s  appea r s  t h a t  radio n o i s e  o b s e r v a t i o n s  i n  t h e  
magnetosphere may be  an  impor tan t  method no t  on ly  f o r  t h e  
s tudy  of wave-par t ic le  i n t e r a c t i o n  phenomena b u t  a l so  f o r  
t h e  de t e rmina t ion  of l o c a l  plasma d e n s i t y .  
T h i s  n o t e  w i l l  appear  i n  NATURE, 1968. 
5 
REFERENCES 
'Walsh, D . ,  Haddock, F. T .  and S c h u l t e ,  H .  F . ,  Space Research 
I V ,  P .  Muller  ed. 935 ,  (1964).  -
Hugenin, G.  R . ,  L i l l e y ,  A .  E.., McDonough, W. H. and 2 
Papag iann i s ,  M .  D . ,  P l an .  Space S c i .  1 2 ,  1137 (1964).  
3Stone, R .  G . ,  Alexander ,  J.  K . ,  and Weber, R .  R . ,  P l a n e t .  
Space S c i .  1 4 ,  1007 (1966).  
4Harvey, C .  C . ,  Ann. d 'Astrophys.  28 ,  248 (1965).  
5Hartz, T .  R . ,  S a t e l l i t e  Observa t ions  of Ionosphe r i c  Radio 
Noise, P r o g r e s s  in Radio Sc ience  1963-1966, URSI 1967, 
_c_ 
p. 1109. 
'Benediktov, E .  A . ,  Rapoport ,  V.  O . ,  and Eydman, V. Y . ,  
Geomagnetism i Aeronomiya 2 ,  708 (1962). 
7Liemohn, H. B . ,  Radio Sc ience ,  69D, 741 (1965) .  
* A l l i s ,  W .  P . ,  Buchsbaum, S. J. and B e r s ,  A . ,  Waves i n  
A n i s o t r o p i c  Plasmas,  MIT P r e s s ,  Cambridge, Mass. (1963).  
' F i e ld ,  G. B o ,  Astrophys.  J.  124 ,  555 (1956).  
"Tidman, D. A. and Weiss, G. H . ,  Phys. F l u i d s ,  4 ,  703 (1961).  
"Harvey, C .  C . ,  Nature ,  217, 50 (1968). 
12Bezrukikh V.  V. and K .  I .  Gringauz,  C o s m i c  R e s .  2 ,  177 (1965) .  
6 
FIGURE CAPTIONS 
Figure  1 
2 T r a j e c t o r i e s  i n  t h e  X-Y plane  (CMA diagram) of three 
observ ing  f r e q u e n c i e s ,  i n d i c a t i n g  magneto-ionic c o n d i t i o n s  
expected a long  t h e  s a t e l l i t e  o r b i t ,  f o r  an assumed model 
d i s t r i b u t i o n  of plasma and gyrofrequency. 
F igu re  2 
Typ ica l  n o i s e  enhancements observed a t  a )  600 kHz and 
b)  2 .2  MHz.  The r e l a t i v e  amplitude of n o i s e  enhancements 
is shown as  a f u n c t i o n  of a l t i t u d e .  Also i n d i c a t e d  are 
approximate magneto-ionic cond i t ions  d e l i n e a t i n g  v a r i o u s  
n o i s e  bands.  
F igu re  3 
Schematic CMA diagram showing r eg ions  where plasma wave 
g e n e r a t i o n  and coupl ing  t o  (or propagat ion o f )  e . m .  waves 
is p o s s i b l e .  Regions I ,  I 1  and I11 correspond t o  domains 
where n o i s e  enhancements a r e  observed on t h e  A T S  I 1  s a t e l l i t e .  
F i g u r e  4 
E l e c t r o n  d e n s i t y  d i s t r i b u t i o n  as a f u n c t i o n  of a l t i t u d e  
d e r i v e d  from c u t o f f s  of magnetospheric no i se  enhancements. 
A r e p r e s e n t a t i v e  A l o u e t t e  I 1  p r o f i l e  is a l so  i n d i c a t e d .  
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